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Topics

Guidance
Regulations
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AC 23.1419-2B
Certification of Part 23 Airplanes for Flight in 
Icing Conditions

NOA published November 20, 2002
Revise/added items

Protected surface ice accretion
Icing tunnel
Autopilot
Propeller performance
Boot operation
Flight test evaluations of installed systems
Stall warning



4

AC 23.1419-2B
Protected Surface Ice Accretion

Intercycle ice
12 minutes in Continuous Maximum
14° F, 20 µm, 0.45 g/m3, 0° AOA
3 minute boot cycle
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AC 23.1419-2B
Protected Surface Ice Accretion



6

AC 23.1419-2B

Intercycle Ice Flight Test CLMAX Results

Airfoil Aircraft Flap % Loss ∆V 

23012 Part 25 0 25 16 

  15 25 16 

  45 23 14 

23014 Part 23 0 23 10 

  20 17 7 

NLF 0414 Part 23 0 27 13 

  15 23 9 

  30 12 4 
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AC 23.1419-2B
Icing Tunnel

60 70 80 90 100 110 120
-5

0

5

10

15

TWK
7/12/2001 16:33:35

 LOWER TUNNEL
 UPPER TUNNEL
 LOWER FLT 77
 UPPER FLT 77

INFLATION TIME HISTORY
JUNE TUNNEL TESTS

TIME - SECONDS

PR
ES

SU
R

E 
- P

SI
G



8

AC 23.1419-2B
Autopilot
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AC 23.1419-2B
Autopilot

All autopilot modes should function properly in icing 
conditions. The autopilot should be engaged for an extended 
period of time in natural icing conditions to check for unusual 
trimming and potential for ice to accrete in control surface gaps 
“control surface ice bridging.” Appropriate procedures should 
be added to the AFM.
Stall characteristics and adequacy of stall warning should also 
be evaluated when the airplane is stalled with the autopilot 
engaged, unless the design of the autopilot precludes its ability 
to operate beyond stall warning angle of attack.  For these 
designs the controllability of the airplane at autopilot disconnect 
should be evaluated.
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AC 23.1419-2B
Propeller Performance
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AC 23.1419-2B
Propeller Performance

Propeller performance within Appendix C 
also needs to be addressed

Propeller intercycle ice
Propeller runback ice

SAAB 340 operational and flight test experience
Up to 20% propeller efficiency loss
Issue between -5° and -10 ° C
Deice cycle changed from 90/90 to 10/90
Reference: Experience from a Propeller Icing Certification, 
paper presented to SAE AC-9C Aircraft Icing Technology 
Subcommittee, September 18-22, 1989

Qualitative evaluations in natural icing
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AC 23.1419-2B
Boot Operation

Many AFMs specify a minimum ice accumulation 
thickness prior to activation of the deicer boot system

“Ice bridging” was the concern
Airworthiness Directives issued 1999-2000

NTSB recommendation as a result of the January 9, 1997 
Monroe Michigan Accident
November 1997 FAA/NASA Ice Bridging Workshop
October 1998 Letters to Manufacturers
February 1999 Inflight Operations in Icing Conference
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AC 23.1419-2B
Boot Operation

Flight testing and icing tunnel testing of “modern” boots 
showed ice bridging is not an issue.
The recommended  AFM procedure for boot operation should 
be to operate the boots in an appropriate continuous mode at 
the first sign of ice and not to wait for a specific amount of ice to 
accumulate.
Recent certifications:

Determining a specific ice accretion thickness is difficult
Adopted AFM boot activation at first sign of ice accretion

Manual boot operation results in high workload
Adopted timer for automatic boot cycles

3 minute boot cycle mode results in large intercycle ice accretion 
and determining whether to use 1 or 3 minute mode adds to 
workload

3 minute mode removed (also AD on EMB-120)
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AC 23.1419-2B
Flight Test Evaluations
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AC 23.1419-2B
Stall Warning

Stall warning in icing conditions
Should be same margin as in non-icing 
conditions
Type of stall warning should be the same

Maneuver margin
Coordinated turns and 30/30 rolls
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AC 23.1419-2B

Other guidance
61 knot stall speed exemption

23.1419 Amdt. 23-43 requires airplane 
performance in icing to comply with Subpart B

Subpart B testing
Ice adhesion inhibitors
Replacement boot policy
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AC 23.1419-2C

Small Airplane Directorate Mega ACs
on 2 year revision cycle
FAA internal review starting June 30, 
2003
Out for public comment by December 
30, 2003
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AC 23.1419-2C
Additions:

STC and Amended TC on airplanes certificated for 
flight in icing conditions

Engine changes
Propeller changes
Antennae installations
GW/CG envelope increase

Non-hazard installations
Certification basis
Subpart B testing

Based on proposed FTHWG guidance
Roll control in SLD
Flight test tolerances
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AC 23.1419-2C

Additions:
Pitot and stall warning heat
Primary ice detector
Instructions for Continued Airworthiness

Pneumatic boot repair procedures
Electrothermal boot repair procedures
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AC 23.143-1
Ice Contaminated Tailplane Stall (ICTS)

NOA published February 1, 2002
Prior to that date July 12, 1994 SAD Policy Memorandum

Unchanged items
Maneuvers
Test conditions
Pass/fail criteria

Revised/added items
Clarification of ice accretions to be tested
∗ Critical, 40 grit sandpaper, failure

Landing flap position may be reduced
∗ Should AFM procedures be based on ice accretion or 

OAT/visible moisture?
Factors affecting ICTS susceptibility
Flight test risk mitigation procedures
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AC 23-17A
Systems and Equipment Guide for 
Certification of Part 23 Airplanes

NOA published September 17, 2002
23.1326 Amdt. 23-49 requires annunciation when 
pitot heat fails or is switched “off”

Based on NTSB recommendation A-92-85 and 
investigation of fatal accidents (NTSB/SIR-92/03)
AC states an Equivalent Level of Safety finding will be 
accepted if there is information in a placard or flight 
manual about when to operate the pitot heat.

Issue surfaced on recent certification program
ELOS offered in AC is appropriate for airplanes where 
operations minimize pitot icing exposure
∗ Not certified for IFR or icing
∗ If IFR not capable of higher altitudes
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AC 23-16
SAD Policy Statement ACE-01-1093(b)

NOA published November 7, 2001
Guidance in:

Use of similarity and service experience
Use of tunnel test data
Falling/blowing snow requirement
Ground ice fog requirement

Will be incorporated into revision to AC 23-16
Public comment period September, 2003
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Regulations
Part 23 Wish List for 23.1419:

“If certification with ice protection provisions is 
desired…”
Modify required Subpart B requirements

Change “Performance” to “Climb Performance”
Add stall warning

Delete 23.1416 and add requirement for IPS failure 
annunciation
Add proposed 25.1419 regulations on ice detection 
and IPS operation

Ice detector would not be required

Incorporate proposed 25.1420 regulation
Modified for Part 23
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Flight Test Safety

FAA Order 4040.26A
Ice shape testing HIGH risk
Natural icing MEDIUM risk (may be 
HIGH)
Tanker testing MEDIUM risk
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Flight Test Safety

Risk Assessments
Departure from controlled flight
Engine flameout/propeller malfunction
General

Examples at:
www.faa.gov/certification/aircraft/
small_airplanes_ice_testing.htm
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Wing Underside Ice
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Small Airplane Directorate 
on the FAA Internet
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Small Airplane Directorate 
Contacts

Paul Pellicano
ACE-111 (770) 703-6064 paul.pellicano@faa.gov

Mark Orr (Propulsion)
ACE-111 (816) 329-4151

Leslie Taylor (Systems)
ACE-111 (816) 329-4134

Brian Hancock (Flight Test Pilot)
ACE-111 (816) 329-4143

Lowell Foster (Flight Analyst)
ACE-111 (816) 329-4125

Roman Buettner (Airplane Evaluation Group)
MKC-AEG (816) 329-3238
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Now a slightly different but related 
subject
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Lessons Learned from Flight Testing Stall 
Characteristics of Large Turbopropeller 

Airplanes

Large sideslip excursions are possible
No sideslip gage
Power on
Left turns
Low true airspeed

Attempting to correct using ball may result in 
excitation of Dutch roll
Power application at high angle of attack

Pitch up
Left roll

Autopilot disengagement at high angle of attack
Large push force for recovery
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Recommendations for Certification Testing

Fly ball, not sideslip gage when conducting stalls
Provide gage for pilots
Provide real time sideslip for test team
Establish recovery limits

Include stall approaches at low AOA rate
Flat lift curve
Anticipation logic
Time for sideslip to build

Thrust is critical
Define power required at 1.6 VS icing
Include low weight test points
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Recommendations for Certification Testing

Make sure ice accretions on vertical tail and 
dorsal are accounted for
Evaluate recoveries at stall warning with 
power only
Evaluate adequacy of stall warning margin 
with autopilot engaged
Stall protection system tolerances need to be 
accounted for
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Recommendations for Training

Aerodynamic model
Effect of sideslip on stall angle of attack

Flight test maneuvers for simulation 
validation:

Effect of sideslip on production AOA calibrations
Production sideslip calibration
Lateral/directional aerodynamic coefficients at 
high angle of attack with power off and on
Pedal free stall approach


